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(57) ABSTRACT

The present disclosure relates to device including at least: an
automatic steering mode control unit that controls a steering
motor torque, corresponding to automatic steering torque
information or automatic steering angle information for
running of a vehicle 1n an automatic steering mode, to be
generated when the automatic steering torque information or
the automatic steering angle information 1s received; an
automatic steering mode release determination unit that
determines whether to release the automatic steering mode
when a steering torque or steering angle information gen-
erated according to a steering wheel operation of a driver 1s
detected; and an automatic steering mode release unit that
determines a release time of the steering motor torque
applied 1n the automatic steering mode, by using the steering
angle information generated according to the steering wheel
operation of the driver when it 1s determined to release the
automatic steering mode.
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METHOD FOR CONTROLLING ELECTRIC
POWER STEERING AND DEVICE
THEREFOR

CROSS REFERENCE TO RELATED
APPLICATION

This application claims priority from Korean Patent
Application No. 10-2016-0004694, filed on Jan. 14, 2016,

which 1s hereby incorporated by reference for all purposes as
if fully set forth herein.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present disclosure relates to a method for controlling,
an electric power steering device and a device therefor. More
particularly, the present disclosure relates to a method for
adjusting a motor torque according to a driver’s steering
torque when the driver’s steering torque 1s input in a
situation where steering of a vehicle 1s adjusted using only
the motor torque.

2. Description of the Prior Art

Generally, a steering device of a vehicle 1s a device for
enabling a driver to change the proceeding direction of the
vehicle according to the drniver’s will, and 1s a device that
assists the driver to drive the vehicle 1n a desired direction
by arbitrarily changing the rotational center of a turning
wheel of the vehicle.

Recent power assisted steering devices assist steering
power such that an operation of a steering wheel 1s heavy
when a vehicle travels at a high speed and an operation of
a steering wheel 1s light when a vehicle travels at a low
speed. Various kinds of such power assisted steering devices
are available, and electric power steering devices that assist
steering force by using an electric motor are widely used.
Electric power steering devices determine the size of assist
steering force by controlling current supplied to a steering
motor.

Meanwhile, studies on autonomous driving technology to
mimmize intervention of a driver have been actively carried
out. For example, a cruise control system that minimizes a
driver’s intervention in controlling the speed of a vehicle
been studied, and a technique that allows a vehicle to
automatically steer by minimizing a driver’s intervention 1n
steering has been developed. In addition, studies on
unmanned vehicles or autonomous driving techniques that
exclude all intervention by a driver are also under way.

However, even when a driver’s mtervention in the speed
or steering of a vehicle 1s minimized, 1t 1s necessary to
maintain movement of the vehicle to be controlled by the
driver’s intervention when the intervention occurs due to a
response to an emergency situation or restriction on the
regulations. In such a situation, a control technique needs to

prevent the heterogeneity or ambiguity of the movement of
the vehicle at a time when the drniver’s intervention occurs.

SUMMARY OF THE INVENTION

An embodiment devised in the described background arts
provides a method and device for preventing a sudden
change 1n torque when a driver’s steering torque 1s generated
in a vehicle running 1n an automatic steering mode.

In addition, an embodiment provides a method and device
for stably controlling movement of a vehicle in an emer-
gency situation while minimizing heterogeneity generated
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2

due to a sudden change in torque when a driver’s steering
torque 1s generated 1n a vehicle running 1n an automatic
steering mode.

An embodiment devised for solving problems described
above provides an electric power steering control device
including: an automatic steering mode control unmit config-
ured to control a steering motor torque, which corresponds
to automatic steering torque information or automatic steer-
ing angle mformation for running of a vehicle 1 an auto-
matic steering mode, to be generated when the automatic
steering torque information or the automatic steering angle
information 1s received; an automatic steering mode release
determination unit configured to determine whether to
release the automatic steering mode when a steering torque
or steering angle information generated according to a
steering wheel operation of a driver i1s detected; and an
automatic steering mode release unit configured to deter-
mine a release time of the steering motor torque applied in
the automatic steering mode, by using the steering angle
information generated according to the steering wheel
operation of the driver when it 1s determined to release the
automatic steering mode.

In addition, an embodiment provides a method for con-
trolling electric power steering, including: controlling an
automatic steering mode for controlling a steering motor
torque, which corresponds to automatic steering torque
information or automatic steering angle information for
running of a vehicle 1n an automatic steering mode, to be
generated when the automatic steering torque information or
the automatic steering angle information 1s received; deter-
mining a release of an automatic steering mode for deter-
mining whether to release the automatic steering mode when
a steering torque or steering angle information generated
according to a steering wheel operation of a driver 1is
detected; and releasing an automatic steering mode for
determining a release time of the steering motor torque
applied 1n the automatic steering mode, by using the steering
angle information generated according to the steering wheel
operation of the driver when it 1s determined to release the
automatic steering mode.

The embodiment described above provides an eflect of
preventing a sudden change i torque when a driver’s
steering torque 1s generated n a vehicle running in an
automatic steering mode.

In addition, an embodiment provides an eflect of stably
controlling movement of a vehicle 1n an emergency situation
while minimizing heterogeneity generated due to a sudden

change in torque when a driver’s steering torque 1s generated
in a vehicle running 1n an automatic steering mode.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objects, features and advantages of
the present disclosure will be more apparent from the
following detailed description taken in conjunction with the
accompanying drawings, i which:

FIG. 1 1s a diagram 1llustrating a configuration of an
clectric power steering control device according to an
embodiment;

FIG. 2 1s a diagram for explaining an automatic steering,
mode according to an embodiment;

FIG. 3 1s a diagram 1illustrating an example of an operation
for determining whether to release an automatic steering
mode based on a steering torque according to an embodi-
ment;
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FIG. 4 1s a diagram 1llustrating another example of an
operation for determining whether to release an automatic
steering mode based on a steering torque according to an
embodiment;

FIG. 5 1s a diagram 1llustrating an example of an operation
for determining whether to release an automatic steering
mode based on a steering angle according to an embodi-
ment;

FIG. 6 1s a diagram illustrating another example of an
operation for determining whether to release an automatic
steering mode based on a steering angle according to an
embodiment;

FIG. 7 1s a diagram exemplarily illustrating a change in
motor torque for each release time of a steering motor torque
according to an embodiment; and

FIG. 8 1s a flowchart illustrating a method for controlling,
electric power steering according to another embodiment.

L1l

DETAILED DESCRIPTION OF TH.
EXEMPLARY EMBODIMENTS

Hereinafter, embodiments of the present disclosure will
be described 1n detail with reference to the accompanying
drawings. In the description of the elements of the present
disclosure, terms “first”, “second”, “A”, “B”, “(a)”, “(b)”
and the like may be used. These terms are merely used to
distinguish one structural element from other structural
clements, and a property, an order, a sequence and the like
of a corresponding structural element are not limited by the
term. It should be noted that 1f i1t 1s described 1n the

22

specification that one component 1s “connected”, “coupled”,
or “joined” to another component, a third component may be
“connected”, “coupled”, and “joined” between the first and
second components, although the first component may be
directly connected, coupled or joined to the second compo-
nent.

The present disclosure relates to an electric power steer-

ing control device and a method therefor.

An electric power steering control device refers to a
device that controls an operation of a motor for generating
a steering torque of a vehicle. In addition, the automatic
steering mode 1n the present specification means a mode 1n
which a vehicle automatically performs steering without a
driver’s steering control, such as an Angle Overlay function.
For example, the automatic steering mode means a mode 1n
which a vehicle automatically determines a running direc-
tion so as to perform steering, by using information recerved
from various sensors and data transmission or reception
devices, mcluding a camera, a radar, etc., which may be
included in the vehicle.

However, even when a vehicle 1s running 1n an automatic
steering mode, an unexpected emergency situation may
occur and, 1n this case, a steering operation may be per-
formed by a dniver. Accordingly, the present disclosure
intends to propose a method and device for controlling
movement of a vehicle i accordance with a steering opera-
tion of a driver when the vehicle 1s running in an automatic
steering mode. Particularly, embodiments to be described
below propose a method and device for improving reactivity
of movement of a vehicle i order to quickly cope with an
emergency situation while preventing a sudden torque
change that may occur to retlect a steering operation of a
driver to the movement of the vehicle.

Hereinafter, embodiments will be described 1n detail with
reference to drawings.

10

15

20

25

30

35

40

45

50

55

60

65

4

FIG. 1 1s a diagram illustrating a configuration of an
clectric power steering control device according to an
embodiment.

An electric power steering control device according to an
embodiment may include: an automatic steering mode con-
trol unit configured to control a steering motor torque, which
corresponds to automatic steering torque information or
automatic steering angle information for running of a
vehicle 1n an automatic steering mode, to be generated when
the automatic steering torque information or the automatic
steering angle information 1s recerved; an automatic steering
mode release determination unit configured to determine
whether to release the automatic steering mode when a
steering torque or steering angle information generated
according to a steering wheel operation of a driver 1is
detected; and an automatic steering mode release unit con-
figured to determine a release time of the steering motor
torque applied 1n the automatic steering mode, by using the
steering angle information generated according to the steer-
ing wheel operation of the driver when 1t 1s determined to
release the automatic steering mode.

Referring to FIG. 1, an electric power steering control
device 100 may include an automatic steering mode control
unit 110 configured to control a steering motor torque, which
corresponds to automatic steering torque information or
automatic steering angle information for running of a
vehicle 1n an automatic steering mode, to be generated when
the automatic steering torque information or the automatic
steering angle information 1s received. The automatic steer-
ing mode control unit 110 may control steering of a vehicle
using the automatic steering torque information or automatic
steering angle information when the automatic steering
mode 1s started. The automatic steering torque information
means torque information necessary for the vehicle to auto-
matically perform steering. For example, the automatic
steering torque information 1s obtained by extracting lane
information from 1mage information acquired from a camera
and may include information on a steering torque necessary
for the vehicle to run within the lane. That 1s, the steering
torque information includes information on a steering torque
that determines the running direction of the vehicle. The
automatic steering angle mformation includes information
on a running direction for the vehicle to automatically run.
That 1s, 1 the automatic steering torque information
described above includes information on the running direc-
tion of the vehicle, including a torque value, the automatic
steering angle mformation includes information on the run-
ning direction of the vehicle, including a value of the
running angle of the vehicle.

Therefore, the automatic steering mode control umt 110
may control a steering motor torque, which corresponds to
the automatic steering torque mformation or automatic steer-
ing angle information associated with a running direction for
the vehicle to automatically run, to be generated when the
corresponding information 1s receirved. For example, when
the automatic steering angle information 1s received, the
automatic steering mode control unit 110 may perform
control for calculating a steering motor torque necessary for
the vehicle to run at a corresponding angle using a steering
motor, and calculating a motor control current for generating
the calculated steering motor torque so as to apply the same
to a motor. Similarly, when the automatic steering torque
information 1s received, the automatic steering mode control
umit 110 may calculate the motor control current so as to
apply the same to the motor so that a value of a correspond-
ing steering torque 1s applied to the steering motor.
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Meanwhile, the automatic steering mode may be config-
ured according to an input signal of a driver. In addition, the
automatic steering mode may be configured or released
before or during vehicle running and, when the automatic
steering mode 1s released, the steering motor may provide
steering assist force according to the driver’s steering torque
so as to determine the running direction of the vehicle. In the
automatic steering mode, the running direction of the
vehicle may be determined using only the steering motor
torque provided by the steering motor.

Further, the electric power steering control device 100
may include an automatic steering mode release determina-
tion unit 120 configured to determine whether to release the
automatic steering mode when a steering torque or steering
angle information generated according to a steering wheel
operation of a driver 1s detected. The automatic steering
mode release determination unit 120 may detect whether the
driver has an intention to perform steering according to the
steering wheel operation of the driver. For example, the
automatic steering mode release determination umt 120 may
determine whether the driver has an intention to perform
steering, by using a steering torque or steering angle infor-
mation generated when the driver operates a steering wheel
in the automatic steering mode, and determine whether to
release the automatic steering mode, by using determination
on the driver’s intention. For example, the automatic steer-
ing mode release determination unit 120 may determine
whether to release the automatic steering mode, by using a
steering torque or duration information generated according
to the steering wheel operation of the driver. For another
example, the automatic steering mode release determination
unit 120 may determine whether to release the automatic
steering mode, by using the steering angle or duration
information generated according to the steering wheel
operation of the driver. Further, a distinction according to a
predetermined reference 1s needed in order to solve an
automatic steering mode release error that may occur due to
shaking of the vehicle or a steering wheel operation mis-
takenly performed by the driver. Specific embodiments will
be described with reference to FIG. 3 to FIG. 6.

Meanwhile, the electric power steering control device 100
may include an automatic steering mode release umt 130
configured to determine a release time of the steering motor
torque applied 1n the automatic steering mode, by using the
steering angle information generated according to the steer-
ing wheel operation of the driver when 1t 1s determined to
release the automatic steering mode. The automatic steering,
mode release unit 130 may determine the release time of the
steering motor torque in response to the steering angle
information generated according to the steering wheel
operation of the driver when it 1s determined to release the
automatic steering mode. For example, in the automatic
steering mode, the vehicle may have been performing steer-
ing by a steering motor torque. In this case, the automatic
steering mode release unit 130 needs to release the steering
motor torque of the time point at which determination on a
release of the automatic steering mode has been made, and
change the steering motor torque according to the drniver’s
steering torque. However, when the automatic steering mode
1s released, there 1s a risk that steering control force applied
to the vehicle 1s lost in a case where the steering motor
torque 1s directly changed to 0. In order to prevent such a
risk, the automatic steering mode release unit 130 needs to
ramp down the steering motor torque applied 1n the auto-
matic steering mode during a predetermined time so as to
sequentially reduce the same when 1t 1s determined to
release the automatic steering mode. In the present specifi-
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cation, the time for sequentially reducing, to 0, the steering
motor torque applied in the automatic steering mode 1s
defined as the release time and used.

Meanwhile, when the driver suddenly changes the run-
ning direction of the current vehicle according to an emer-
gency situation, there may occur a big difference between
the steering motor torque being applied to the steering motor
in the automatic steering mode and the torque according to
the driver’s operation. In addition, 1t 1s necessary to quickly
reflect the driver’s steering operation to the vehicle 1 an
emergency situation. That 1s, a sudden change in torque 1s
necessary in order to apply the steering motor torque to
which the driver’s steering torque 1s reflected at a time point
when the automatic steering mode 1s released. However, a
sudden change in torque may cause heterogeneity in the
steering wheel operation of the driver and interfere with the
stability of vehicle movement.

Therefore, when 1t 1s determined to release the automatic
steering mode, the automatic steering mode release unit 130
needs to distinguish whether the steering wheel operation of
the driver 1s to avoid an emergency situation or belongs to
a normal release operation, by using information according
to the steering wheel operation of the driver, so as to
dynamically configure the release time of the steering motor
torque being applied to the vehicle. To this end, the auto-
matic steering mode release unit 130 dynamaically calculates
the release time using the steering angle information accord-
ing to the steering wheel operation of the driver. The steering
angle information may be checked by a steering angle
sensor, and the automatic steering mode release unit 130
may dynamically calculate the release time suitable for each
situation by using at least one piece of information among
steering angular velocity information, and weight value
factor and predetermined release time information. A spe-
cific embodiment for dynamically configuring the release
time will be described again with reference to FIG. 7. The
weilght value factor means a predetermined weight value and
the term thereotf 1s not limited.

FIG. 2 1s a diagram for explaining an automatic steering,
mode according to an embodiment.

Retferring to FIG. 2, a vehicle 200 may extract informa-
tion of a lane on the road using 1image 1information received
through a camera sensor. There 1s no limitation of a method
for extracting lane information from 1image information. For
another example, the vehicle 200 may configure a running
route of the vehicle using destination iput information of
the driver and the current location information of the vehicle
200, and may also configure the automatic steering mode
such that the vehicle 200 runs the running route without
deviating therefrom. To this end, the automatic steering
mode may determine the running direction 210 of the
vehicle using the running route of the vehicle 200 and road
information such that the vehicle 200 does not deviate from
the running route and the lane. For still another example,
when the automatic steering mode 1s configured to follow a
preceding vehicle, the vehicle 200 may configure the run-
ning direction 210 by controlling the steering motor of the
vehicle so that the vehicle 200 follows the preceding vehicle
detected through a radar sensor.

Accordingly, the automatic steering mode 1s a mode 1n
which the vehicle 200 automatically configures the runming
direction 210 by using data transmitted or received to or
from a sensor formed inside or outside the vehicle. The
automatic steering mode may be variously named according
to characteristics and configurations of the vehicle. In the
present specification, the automatic steering mode means a
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mode 1n which the running direction 1s configured using the
steering motor 1 the vehicle without intervention of the
driver.

FIG. 3 1s a diagram 1llustrating an example of an operation
for determining whether to release an automatic steering
mode based on a steering torque according to an embodi-
ment.

The automatic steering mode release determination unit
120 may determine to release the automatic steering mode
when a steering torque value 1s equal to or greater than a
predetermined reference torque.

Referring to FIG. 3, a steering torque according to a
steering wheel operation of a driver may be detected when
a vehicle 1s 1n the middle of running in the automatic
steering mode. However, a steering torque may be minutely
detected according to an error made by the driver, vibration
generated mside or outside the vehicle, or the like. Even 1n
this case, there occurs a problem 1n which the driver may not
be able to properly control movement of the vehicle due to
an unexpected release of the automatic steering mode when
the automatic steering mode 1s released. Therefore, even
when 1nformation on the steering torque by the driver 1s
detected, the automatic steering mode release determination
unit 120 may not immediately determine to release the
automatic steering mode, and compare a detected steering
torque value with a predetermined reference torque so as to
determine whether to release the automatic steering mode.
Accordingly, the stability of running of the vehicle may be
improved.

Specifically, the automatic steering mode release deter-
mination unit 120 may receive a steering torque value
detected by a torque sensor according to a steering wheel
operation of the driver (S300). The steering torque value 1s
a value different from automatic steering torque information
for determining the steering motor torque 1n the automatic
steering mode described above, and the automatic steering
torque 1mnformation refers to a torque value necessary for the
vehicle to run within the lane based on an image of the
proceeding direction of the vehicle. On the other hand, the
steering torque value means torque information detected
according to torsion of the torsion bar based on a steering
wheel operation of the driver. Therefore, locations at which
the steering torque value and the automatic steering torque
information are detected differ from each other, and an
information flag and an information format may be difler-
ently configured. The steering torque value may be detected
by a torque sensor, a torque angle sensor, etc., which are
included 1n the vehicle.

The automatic steering mode release determination unit
120 compares the received steering torque value with a
reference torque predetermined through an experiment and
the like (S310). For example, the automatic steering mode
release determination unit 120 may determine whether the
steering torque value 1s detected to be equal to or greater
than the predetermined reference torque.

If the steering torque value generated by the driver 1s
greater than the reference torque, the automatic steering
mode release determination unit 120 may determine to
release the automatic steering mode (5320). This 1s because
it may be determined that the driver has operated the steering
wheel 1n accordance with an intention to release the auto-
matic steering mode, not the steering wheel operation per-
formed by mistake.

Alternatively, when the steering torque value generated
by the driver 1s smaller than the reference torque, the
automatic steering mode release determination umt 120 may
determine to maintain the automatic steering mode (S330).

10

15

20

25

30

35

40

45

50

55

60

65

8

That 1s, the running stability of the vehicle may be increased
using the fact that the steering torque value 1s detected to be
small when the driver operates the steering wheel by mistake
or when torsion occurs in the torsion bar due to vibration
generated inside or outside the vehicle.

However, the driver may mistakenly operate the steering
wheel at a large angle and, in this case, the steering torque
value may be temporarily detected to be larger than the
reference torque. Therefore, a method for preventing such a
case also needs to be considered.

FIG. 4 1s a diagram illustrating another example of an
operation for determiming whether to release an automatic
steering mode based on a steering torque according to an
embodiment.

The automatic steering mode release determination unit
120 may determine to release the automatic steering mode
when the steering torque value equal to or greater than the
predetermined reference torque 1s maintained for a prede-
termined reference time or longer.

Retferring to FIG. 4, 1t may be possible to improve the
running stability of the vehicle and prevent the automatic
steering mode from being unexpectedly released even when
a large steering torque value 1s temporarily generated due to
the driver’s mistake or the like.

Specifically, the automatic steering mode release deter-
mination unit 120 may receive a steering torque value
detected according to a steering wheel operation of the
driver (S400). As described above, the steering torque value
may be generated according to various situations regardless
of the intention of the driver, and the distinction therebe-
tween needs to be made.

To this end, the automatic steering mode release deter-
mination unit 120 primarily determines whether the steering
torque value 1s equal to or greater than the reference torque
(5410). It the steering torque value 1s detected to be smaller
than the reference torque, the automatic steering mode
release determination unit 120 may determine to maintain
the automatic steering mode (5440). Accordingly, it may be
possible to prevent the automatic steering mode from being
unexpectedly released.

Alternatively, when the steering torque value 1s detected
to be equal to or greater than the reference torque, the
automatic steering mode release determination unit 120 may
determine whether the steering torque value detected to be
equal to or greater than the reference torque 1s continuously
maintained for a reference time or longer (S420). That 1s, the
automatic steering mode release determination unit 120 may
determine whether the steering torque value detected to be
equal to or greater than the reference torque 1s maintained
for a predetermined reference time or longer so as to
determine whether to release the automatic steering mode of
the vehicle. For example, when the steering torque value 1s
unable to be maintained for the reference time or longer, the
automatic steering mode release determination unit 120 may
determine to maintain the automatic steering mode (S440).
Accordingly, the running stability of the vehicle may be
secured by disregarding the steering torque value generated
according to the driver’s temporary mistake. For another
example, when the steering torque value 1s maintained for
the reference time or longer, the automatic steering mode
release determination unit 120 may determine to release the
automatic steering mode (S430). In this case, 1t may be
determined that the driver has an intention to operate steer-
ing so as to release the automatic steering mode, and
movement of the vehicle may be controlled according to the
driver’s intention to operate steering.
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Meanwhile, in FIG. 3 and FIG. 4, the embodiments have
been described in which a release of the automatic steering,
mode 1s determined using the steering torque value. How-
ever, the release of the automatic steering mode may also be
determined using steering angle information according to a
steering wheel operation of the driver. Hereinafter, a case of
using steering angle information will be described through
examples.

FI1G. 5 1s a diagram 1llustrating an example of an operation
for determining whether to release an automatic steering
mode based on a steering angle according to an embodiment.

The automatic steering mode release determination unit
120 may determine to release the automatic steering mode
when steering angle information 1s equal to or greater than
a predetermined reference angle.

Referring to FIG. 5, the automatic steering mode release
determination unit 120 may receive steering angle informa-
tion generated according to a steering wheel operation of the
driver (S500). The steering angle information may be
detected by a steering angle sensor, a torque angle sensor, or
the like.

The automatic steering mode release determination unit
120 may determine whether the received steering angle
information 1s equal to or greater than a predetermined
reference angle (S510). That 1s, the automatic steering mode
release determination unit 120 may determine whether a
steering angle generated according to the steering wheel
operation of the driver 1s equal to or greater than the
reference angel so as to determine whether to release the
automatic steering mode.

For example, the automatic steering mode release deter-
mination unit 120 may determine to maintain the automatic
steering mode when the steering angle information 1s
smaller than the reference angle (8530). Since movement of
the steering wheel, which 1s generated according to vibration
of the vehicle and the like, 1s not generated at a large angle,
it may be indirectly determined therethrough whether the
steering angle information 1s generated according to the
intention of the driver.

For another example, when the steering angle information
1s equal to or greater than the reference angle, the automatic
steering mode release determination unit 120 may determine
to release the automatic steering mode (S520). The auto-
matic steering mode release determination unit 120 may
determine that the driver has an intention to change the
running direction of the vehicle at a large angle, as 1n an
emergency situation, so as to release the automatic steering
mode.

However, since the driver may temporarily operate the
steering wheel at a large angle by mistake, 1t 1s necessary to
consider additional factors 1n the steering angle information.

FIG. 6 1s a diagram illustrating another example of an
operation for determining whether to release an automatic
steering mode based on a steering angle according to an
embodiment.

The automatic steering mode release determination unit
120 may determine to release the automatic steering mode
when steering angle iformation equal to or greater than a
predetermined reference angle 1s maintained for a predeter-
mined reference time or longer.

Referring to FIG. 6, the automatic steering mode release
determination unit 120 may receive steering angle informa-
tion generated according to steering wheel operation of a
driver (S600), and determine whether the received steering
angle information 1s equal to or greater than a predetermined
reference angle (5610).

5

10

15

20

25

30

35

40

45

50

55

60

65

10

As described above, the automatic steering mode release
determination unit 120 may determine to maintain the
automatic steering mode when the steering angle informa-
tion 1s smaller than a reference angle (5640). Accordingly, 1t
may be possible to primarily prevent the automatic steering
mode from being released according to minute movement of
a steering wheel.

The automatic steering mode release determination unit
120 may secondarily determine whether the steering angle
information 1s continuously maintained for a reference time
or longer when the steering angle information 1s equal to or
greater than the reference angle (5620). That 1s, the auto-
matic steering mode release determination unit 120 may
distinguish whether a steering wheel operation at a large
angle 1s a temporary phenomenon having occurred by the
driver’s mistake or a continuous phenomenon having
occurred according to the drniver’s intention. For example,
when the steering angle 1s unable to be maintained for the
reference time or longer, the automatic steering mode
release determination unit 120 may determine to maintain
the automatic steering mode (S640). Accordingly, the run-
ning stability of the vehicle may be secured by disregarding
reception of the steering angle information generated
according to the driver’s temporary mistake. For another
example, when the steering angle information 1s maintained
for the reference time or longer, the automatic steering mode
release determination unit 120 may determine to release the
automatic steering mode (S630). In this case, it may be
determined that the driver has an intention to operate steer-
ing so as to release the automatic steering mode, and
movement of the vehicle may be controlled according to the
driver’s intention to operate steering.

As described above, the automatic steering mode release
determination unit 120 may determine whether to release the
automatic steering mode according to the steering wheel
operation of the driver, while using steering torque infor-
mation or steering angle information and various predeter-
mined reference information in order to secure the stability
of the vehicle.

Meanwhile, the automatic steering mode release determi-
nation unit 120 may determine whether to release the
automatic steering mode, using both steering torque infor-
mation and steering angle information.

For example, the automatic steering mode release deter-
mination umt 120 may determine to release the automatic
steering mode only when both cases where the steering
torque information 1s equal to or greater than the reference
torque and the steering angle information 1s equal to or
greater than the reference angle are satisfied. Alternatively,
the automatic steering mode release determination unit 120
may determine to release the automatic steering mode only
when the steering torque information and the steering angle
information are continuously increased for the predeter-
mined reference time or longer. For example, when the
steering torque information of the driver or the steering
angle information 1s increased and then decreased within the
reference time, the automatic steering mode release deter-
mination umt 120 may determine that the driver has made a
mistake so as to maintain the automatic steering mode.

In addition, each of the embodiments for determining
whether to release the automatic steering mode, by using the
steering torque mformation and the steering angle informa-
tion may be combined and operated.

Meanwhile, at least two of the reference torque, the
reference angle, and the reference time, which are described
above, may be combined and stored in the form of a table.
For example, a plurality of reference torques and a plurality
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of reference times may be mapped one-to-one so as to be
stored as a reference table having a plurality of levels. The
automatic steering mode release determination umt 120 may
determine whether to release the described automatic steer-
ing mode by using the stored table. Alternatively, a plurality
of reference angles and a plurality of reference times may be
mapped one-to-one so as to be stored as a reference table
having a plurality of levels.

For example, the stored table may have four levels, and
cach of the levels may have a set of a reference torque and
a reference time value. Likewise, each of the levels included
in the stored table may have a set of a reference angle and
a reference time value.

For another example, the stored table may store a table
having a plurality of sets each of which has a set of a
reference torque, a reference angle, and a reference time.

In this case, the automatic steering mode release deter-
mination unit 120 may use a reference torque, a reference
angle, or a reference time, which 1s stored in the table, for
determining whether to release the automatic steering mode
described above. That 1s, each of the four levels has different
values from each other, and the automatic steering mode
release determination unit 120 may use a reference torque,
a reference time, or a reference angle, which 1s included 1n
a specific level, as reference values for determining whether
to release the automatic steering mode described above
when the corresponding specific level 1s indicated to be used
according to pre-coniiguration.

Meanwhile, when each level of the table includes a
reference torque and a reference time as factors, a reference
torque value may be increased and a reference time value
may be decreased, as the level increases. That 1s, the
reference torque and the reference time may be configured
to be mversely proportional to each other. Likewise, when
cach level of the table includes a reference angle and a
reference time as factors, a reference angle value may be
increased and a reference time value may be decreased, as
the level increases. That 1s, the reference angle and the
reference time may be configured to be inversely propor-
tional to each other. Surely, the increase and decrease of the
level may be modified by configuration, and configuration
may be performed such that the reference torque value or the
reference angle value may be increased and the reference
time value may be decreased, as the level decreases.

The automatic steering mode release determination unit
120 may determine whether to release the automatic steering
mode, through the methods described above by using, as
reference values, factors included 1n a level predetermined
or configured by an operation of the dniver among levels
configured 1n the table.

As described 1n each of the embodiments, the automatic
steering mode release unit 130 may release a steering motor
torque generated by the automatic steering mode according,
to a determination on a release of the automatic steering
mode, which 1s made by the automatic steering mode release
determination unit 120.

When 1t 1s determined to release the automatic steering
mode, the automatic steering mode release unit 130 may
determine a release time of the steering motor torque applied
in the automatic steering mode, using steering angle infor-
mation generated according to the steering wheel operation
of the dniver. The steering angle information may be
detected by a steering angle sensor according to the steering
wheel operation of the driver, and may be detected by the
steering angle sensor even when it 1s determined to release
the automatic steering mode based on the steering torque
information as described above.
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Specifically, the automatic steering mode release unit 130
may calculate steering angular velocity information using
the steering angle immformation, and determine the release
time using the steering angular velocity information. For
example, when steering angle information i1s received, the
automatic steering mode release unit 130 may calculate the
steering angular velocity information which means steering
angular information changing along with time. The auto-
matic steering mode release unit 130 may determine the
release time of the steering motor torque, by using the
calculated steering angular velocity information and a pre-
determined reference release time.

For example, the automatic steering mode release unit
130 may determine the release time by multiplying the
reference release time by a weight value factor determined
in association with the steering angular velocity information.
In this case, the weight value factor may have a value greater
than O and equal to or smaller than 1. The reference release
time refers to a release time of the steering motor torque
predetermined through an experiment and the like. The
welght value factor may be predetermined in response to
cach of steering angular velocity information. For example,
the weight value factor may be pre-stored in the form of a
table corresponding to each of steering angular velocity
information, and may be determined according to a prede-
termined mathematical expression for determining a weight
value factor. Specifically, when the steering angular velocity
information 1s calculated, the automatic steering mode
release unit 130 extracts a weight value factor corresponding
to the corresponding steering angular velocity information
by using a predetermined weight value factor table. Later,
the automatic steering mode release unit 130 may determine
a release time of the steering motor torque by multiplying
the predetermined reference release time by the extracted
weilght value factor. The weight value factor may be con-
figured to be a value which becomes smaller as the steering
angular velocity value becomes larger. That 1s, the automatic
steering mode release unit 130 may determine the steering
angular velocity value and the release time to be inversely
proportional to each other, by multiplying the reference
release time by the value which becomes smaller as the
steering angular velocity value becomes larger. Meanwhile,
tables for weight value factors may be configured to corre-
spond to steering angular velocity information 1n a prede-
termined section. For example, a predetermined steering
angular velocity section may have a table configured to be
mapped to one weight value factor, and another steering
angular velocity section may have a table configured to be
mapped to another weight value factor. Accordingly, the
release time may be determined stepwise.

For another example, the automatic steering mode release
umit 130 may determine the release time to be inversely
proportional to the steering angular velocity information.
For example, when the steering angular velocity information
1s within a predetermined section, the automatic steering
mode release unit 130 may configure the release time in the
corresponding section to have a value inversely proportional
to the steering angular velocity information.

For still another example, the automatic steering mode
release unit 130 may determine the release time to be a
predetermined upper limit value when the steering angular
velocity information 1s equal to or smaller than a predeter-
mined first reference value, and may determine the release
time to be a predetermined lower limit value when the
steering angular velocity mformation 1s equal to or greater
than a predetermined second reference value. That 1s, the
upper limit value or the lower limait value of the release time
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may be predetermined. Further, the upper limit value and the
lower limit value of the release time are the time necessary
in terms of the mechanical characteristics of the steering
motor and necessary for preventing a sudden change in
torque, and may be determined through an experiment, and
the like. Therefore, when 1t 1s determined that the steering
angular velocity information i1s equal to or smaller than the
predetermined first reference value, the automatic steering
mode release unit 130 may determine the release time to be
a fixed release time which 1s the predetermined upper limait
value. In contrast, when 1t 1s determined that the steering
angular velocity information 1s equal to or greater than the
predetermined second reference value, the automatic steer-
ing mode release unit 130 may determine the release time to
be a fixed release time which 1s the predetermined lower
limit value. The first reference value and the second refer-
ence value may be the same or may be different.

When the steering angular velocity mnformation 1s calcu-
lated mto a value between the first reference value and the
second reference value, the automatic steering mode release
unit 130 may use, as the reference release time, the upper
limit value or the lower limit value of the release time so as
to determine the release time by multiplying the weight
value factor described above by the reference release time.
Alternatively, when the steering angular velocity informa-
tion 1s calculated into a value between the first reference
value and the second reference value, the automatic steering,
mode release unit 130 may use the upper limit value or the
lower limit value, as the reference release time so as to
determine the release time at a constant change rate.

FIG. 7 1s a diagram exemplarily illustrating a change in
motor torque for each release time of a steering motor torque
according to an embodiment.

Referring to FI1G. 7, description of a change 1n the steering
motor torque, in a case where the automatic steering mode
release unit 130 determines the release time by using steer-
ing angular velocity information as described above, 1is
provided. In FIG. 7, 1t 1s assumed that a steering motor
torque value according to the automatic steering mode 1s 2
Nm. Further, a time required until the steering motor torque
value according to the automatic steering mode becomes O
Nm 1s the release time, and a time point of automatic
steering mode release determination 1s O ms.

In case of reference numeral 710, the steering angular
velocity information 1s 200 deg/s, and the release time may
be determined to be 30 ms. When the release time 1s
determined, the steering motor torque may rapidly reduce
the steering motor torque in order to make the steering motor
torque value 0 1n accordance with the release time.

In case of reference numeral 720, the steering angular
velocity information 1s 100 deg/s, and the release time may
be determined to be 75 ms. Further, in case of reference
numeral 730, the steering angular velocity information 1s 30
deg/s, and the release time may be determined to be 150 ms.

Accordingly, the automatic steering mode release unit 130
may determine the release time to be mversely proportional
to the steering angular velocity value such that the release
time decreases when the steering angular velocity value
increases. Alternatively, the automatic steering mode release
unit 130 may determine the release time of the case of
reference numeral 720 by determining 150 ms as an upper
limit value of the release time and determining 30 ms as a
lower limit value of the release time. In this case, the first
reference value described above may be 30 deg/s and the
second reference value may be 200 deg/s. Therefore, the
automatic steering mode release unit 130 may determine the
release time as 150 ms even when the steering angular
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velocity mformation 1s 20 deg/s, and determine the release
time as 30 ms even when the steering angular velocity
information 1s 250 deg/s.

As described above, the electric power steering control
device 100 may configure the release time 1n variously ways
so that a sudden change 1n torque may be prevented while
appropriately coping with an emergency situation at the
same time, 1n relation to releasing the automatic steering
mode according to the steering wheel operation of the driver.

A method for controlling electric power steering, by
which all the present embodiments described above can be
performed, will be briefly described with reference to FIG.
8.

FIG. 8 1s a flowchart illustrating a method for controlling
clectric power steering according to another embodiment.

A method for controlling electric power steering accord-
ing to an embodiment may include: controlling an automatic
steering mode for controlling a steering motor torque, which
corresponds to automatic steering torque nformation or
automatic steering angle information for running of a
vehicle 1n an automatic steering mode, to be generated when
the automatic steering torque information or the automatic
steering angle information 1s recerved; determining a release
of an automatic steering mode for determining whether to
release the automatic steering mode when a steering torque
or steering angle information generated according to a
steering wheel operation of a driver 1s detected; and releas-
ing an automatic steering mode for determining a release
time of the steering motor torque applied in the automatic
steering mode, by using the steering angle information
generated according to the steering wheel operation of the
driver when it 1s determined to release the automatic steering
mode.

Referring to FIG. 8, a method for controlling electric
power steering may include controlling an automatic steer-
ing mode for controlling a steering motor torque, which
corresponds to automatic steering torque information or
automatic steering angle information for running of a
vehicle 1n an automatic steering mode, to be generated when
the automatic steering torque information or the automatic
steering angle information 1s received (S800). Controlling of
the automatic steering mode may include controlling steer-
ing of a vehicle by using the automatic steering torque
information or the automatic steering angle information
when the automatic steering mode 1s started. The automatic
steering torque miformation means torque mmformation nec-
essary for the vehicle to automatically perform steering. The
automatic steering angle mformation includes information
on a running direction for the vehicle to automatically run.
Theretfore, controlling of the automatic steering mode may
include performing control such that the steering motor
torque, which corresponds to automatic steering torque
information or automatic steering angle information relating
to the running direction for the vehicle to automatically run,
1s generated when the corresponding information 1s
received. For example, controlling of the automatic steering
mode may include performing control to calculate the steer-
ing motor torque necessary for the vehicle to run at a
corresponding angle by using a steering motor when the
automatic steering angular information 1s received, and
calculate a motor control current for generating the calcu-
lated steering motor torque so as to apply the same to a
motor. Likewise, controlling of the automatic steering mode
may include calculating the motor control current and apply-
ing the same to the motor so that a corresponding steering
torque value 1s applied to the steering motor when the
automatic steering torque information is recerved.
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The method for controlling electric power steering may
include determining a release of an automatic steering mode
for determining whether to release the automatic steering
mode when a steering torque or steering angle information
generated according to a steering wheel operation of a driver
1s detected (5802). Determining of the release of the auto-
matic steering mode may include detecting whether the
driver has an intention to perform steering according to a
steering wheel operation of the driver. For example, deter-
mimng of the release of the automatic steering mode may
include determining whether the driver has an intention to
perform steering, by using a steering torque or steering angle
information generated when the driver operates a steering
wheel 1 the automatic steering mode, and determining
whether to release the automatic steering mode, by using
determination on the driver’s intention. For example, deter-
mimng of the release of the automatic steering mode may
include determiming whether to release the automatic steer-
ing mode, by using a steering torque or steering angle
information generated according to the steering wheel
operation of the driver. That 1s, determination on whether to
release the automatic steering mode may be made using the
steering torque or steering angle information, and a prede-
termined reference value. For another example, determining,
of the release of the automatic steering mode may 1nclude
determining whether to release the automatic steering mode,
by using duration information in addition to the steering
torque or the steering angle information.

The method for controlling electric power steering may
include releasing an automatic steering mode for determin-
ing a release time of the steering motor torque applied 1n the
automatic steering mode, by using the steering angle infor-
mation generated according to the steering wheel operation
of the driver when 1t 1s determined to release the automatic
steering mode (S804). Releasing of the automatic steering
mode may include determining the release time of the
steering motor torque 1n association with the steering angle
information generated according to the steering wheel
operation of the driver when it 1s determined to release the
automatic steering mode. For example, when 1t 1s deter-

mined to release the automatic steering mode, releasing of

the automatic steering mode includes requiring to distin-
guish whether the steering wheel operation of the driver 1s
to avoid an emergency situation or belongs to a normal
release operation, by using information according to the
steering wheel operation of the driver, so as to dynamically
coniigure the release time of the steering motor torque being
applied to the vehicle. To this end, releasing of the automatic
steering mode includes dynamically calculating the release
time using the steering angle information according to the
steering wheel operation of the driver.

For example, releasing of the automatic steering mode
may 1nclude dynamically determining the release time using,
a weight value factor and steering angular velocity infor-
mation calculated using steering angular information. For
another example, releasing of the automatic steering mode
may 1nclude determining the release time within a prede-
termined range by using the steering angular velocity infor-
mation, and predetermined upper limit value and lower limit
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the automatic steering mode may include determining the
release time using reference release time mmformation such
that the reference release time information 1s inversely
proportional to the steering angular velocity information.
The present disclosure described above provides an effect
of preventing a sudden change in torque when a steering

torque of a driver 1s generated in a vehicle running 1n an
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automatic steering mode. In addition, the present disclosure
provides an eflect of stably controlling movement of a
vehicle 1n an emergency situation while minimizing hetero-
genelty generated due to a sudden change 1n torque when a
driver’s steering torque 1s generated in a vehicle running 1n
an automatic steering mode.

Even when all the elements constituting the above
embodiments have been described as being combined 1nto a
single umit or combined to be operated as a single unit, the
present disclosure 1s not necessarily limited to such embodi-
ments. That 1s, at least two elements of all structural ele-
ments may be selectively joined and operate without depart-
ing from the scope of the present disclosure. Although a
preferred embodiment of the present disclosure has been
described for illustrative purposes, those skilled 1n the art
will appreciate that various modifications and variations are
possible, without departing from the essential characteristics
of the disclosure. The scope of the present disclosure shall
be construed on the basis of the accompanying claims in
such a manner that all of the technical ideas included within
the scope equivalent to the claims belong to the present
disclosure.

What 1s claimed 1s:

1. An electric power steering control device including one
or more electrical circuits, comprising;:

an automatic steering mode control unit configured to

receive, when a vehicle 1s operated in an automatic
steering mode, automatic steering torque informa-
tion for a steering torque of the vehicle in the
automatic steering mode or automatic steering angle
information for a steering angle of the vehicle 1n the
automatic steering mode, and

control a steering motor torque to operate the vehicle 1n
the automatic steering mode based on the automatic
steering torque information or the automatic steering
angle mformation;

an automatic steering mode release determination unit

configured to

detect a steering torque or a steering angle to be
generated when a driver operates a steering wheel of
the vehicle, and

determine whether to release the automatic steering
mode based on the detected steering torque or the
detected steering angle; and

an automatic steering mode release unit configured to

determine a release time to release the steering motor
torque being currently applied 1n the automatic steering
mode, by using the detected steering angle when the
automatic steering mode 1s determined to be released.

2. The electric power steering control device of claim 1,
wherein the automatic steering mode release determination
unmit 1s configured to determine to release the automatic
steering mode when a value of the detected steering torque
1s equal to or greater than a value of a predetermined
reference torque.

3. The electric power steering control device of claim 2,
wherein the automatic steering mode release determination
umt 1s configured to determine to release the automatic
steering mode when the value of the steering torque, which
1s equal to or greater than the value of the predetermined
reference torque, 1s maintained for a predetermined refer-
ence time or longer.

4. The electric power steering control device of claim 1,
wherein the automatic steering mode release determination
unmit 1s configured to determine to release the automatic
steering mode when the detected steering angle 1s equal to
or greater than a predetermined reference angle.
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5. The electric power steering control device of claim 4,
wherein the automatic steering mode release determination
unit 1s configured to determine to release the automatic
steering mode when the detected steering angle, which 1s
equal to or greater than the predetermined reference angle,
1s maintained for a predetermined reference time or longer.

6. The eclectric power steering control device of claim 1,
wherein the automatic steering mode release unit 1s config-
ured to control the steering motor torque being currently
applied in the automatic steering mode to be decreased
during the release time when the automatic steering mode 1s
determined to be released.

7. The electric power steering control device of claim 1,
wherein the automatic steering mode release unit 1s config-

ured to calculate a steering angular velocity by using the
detected steering angle, and determine the release time by
using information for the steering angular velocity.

8. The electric power steering control device of claim 7,
wherein the automatic steering mode release unit 1s config-
ured to determine the release time by multiplying a reference
release time by a weight value factor determined 1n asso-
ciation with the information for the steering angular velocity,
in which the weight value factor has a value that 1s greater
than and equal to or smaller than 1.

9. The electric power steering control device of claim 8,
wherein the weight value factor 1s determined 1n response to
cach predetermined section of the information for the steer-
ing angular velocity.

10. The electric power steering control device of claim 7,
wherein the release time 1s configured to be inversely
proportional to the steering angular velocity.

11. The electric power steering control device of claim 7,
wherein the automatic steering mode release unit 1s config-
ured to determine the release time as a predetermined upper
limit value when the steering angular velocity 1s equal to or
smaller than a predetermined first reference value, and
determine the release time as a predetermined lower limait
value when the steering angular velocity 1s equal to or
greater than a predetermined second reference value.
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12. A method for controlling electric power steering,
comprising;

recerving, when a vehicle 1s operated 1n an automatic

steering mode, automatic steering torque information
for a steering torque of the vehicle 1 the automatic
steering mode or automatic steering angle information
for a steering angle of the vehicle 1n the automatic
steering mode;

controlling a steering motor torque to operate the vehicle

in the automatic steering mode based on the automatic
steering torque information or the automatic steering
angle information;

detecting a steering torque or a steering angle to be

generated when a driver operates a steering wheel of
the vehicle;

determiming whether to release the automatic steering

mode based on the detected steering torque or the
detected steering angle;

determining a release time to release the steering motor

torque being currently applied 1n the automatic steering
mode, by using the detected steering angle when the
automatic steering mode 1s determined to be released;
and

releasing the automatic steering mode based on the deter-

mined release time to apply to the vehicle the detected
torque or the detected steering angle according to the
operation of the driver’s steering wheel.

13. The method for controlling electric power steering of
claim 12, wherein releasing of the automatic steering mode
comprises calculating steering angular velocity by using the
detected steering angle, and determining the release time by
using the steering angular velocity.

14. The method for controlling electric power steering of
claim 13, wherein releasing of the automatic steering mode
comprises determining the release time by multiplying a
reference release time by a weight value factor determined
in association with the mformation for the steering angular
velocity, in which the weight value factor has a value that 1s
greater than O, and equal to or smaller than 1.
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